Material bleached with hydrogen peroxide and cleared through benzol to benzyl benzoate is of value in study of early im¬ plantation stages. When studied with oblique illumination, opacity identifies the gestational regions in hamster and guinea-pig prior to any gestational swelling, and coincides with the first gestational swelling in mouse and rat. By the clarity of this technique, differential changes in the rat and hamster uterine lumen indicate the site of beginning implantation prior to any obvious opacity, and allow rabbit ova to be localized within the uterus by 4 days and 6 hr after artificial insemination, which is prior to spacing of the eggs along the uterus. The first gestational swelling in the rabbit was at 6 days and 22 hr; opacity appeared at the mesometrial side of the gestational swelling by 7 days and 22 hr.
INTRODUCTION
Opaque dots, observed in cleared hamster tracts viewed with oblique light, mark gestational regions prior to any external swelling. The developmental history of this opacity was investigated in the hamster, and extended to mouse, rat, guinea-pig and rabbit.
MATERIALS AND METHODS
Uteri of known gestational age, with related mesentaries, cervix, vagina and ovaries, are pinned flat, fixed in 10 % formalin or afa (30 cc 95 % alcohol, 10 cc commercial formalin, 10 cc glacial acetic acid, and 50 cc water), then slowly dehydrated through ascending alcohols. Hydrogen peroxide is added to the 70 and 80 % alcohol for bleaching. From absolute alcohol, the tracts are passed through absolute alcohol and benzol, benzol, to benzyl benzoate where they are studied and may be stored. Such material may subsequently be in¬ filtrated with paraffin and used for histological study. Details in the gross Study of implantation in cleared uteri 289 specimens may be studied by use of a dissecting microscope; oblique light brings out details invisible in transmitted light. (For full details see Orsini, 1962.) Hamster, rats, mice and guinea-pigs were caged with males overnight and the tracts timed according to developmental age, i.e. from the postulated ovulation period on the morning in which spermatozoa were detected in the smear. No timing system can be exact in any polyovular species where ovulation may occur over a period of several hours, but this system has proved valid in the hamster where distinct differences could be detected between tracts removed at hourly intervals during the period of implantation. By the above system, the hamsters were timed from 1 a.m. (Ward, 1946; 1948) and the mice from 2 a.m. The rats, primiparous of the Sprague-Dawley strain, were timed from 3 a.m. (Austin, 1951; Odor & Blandau, 1951 and Szollosi & Ris, 1961) . The nineteen guinea-pigs used were timed from 3 a.m., which according to a personal communication from Dr Richard Hoar lies at the end of the peak period of ovulatory activity (12 midnight to 3 a.m.). The eight rabbits used were, however, timed from the hour of artificial insemination, immediately after which they were injected with human chorionic gonadotrophin; the youngest was killed at 4 days and 6 hr, the oldest at 8 days and 2 hr. To in¬ vestigate the nature of the opacity, traumatic deciduomas were induced in pseudopregnant rats and hamsters (Kent & Lytle, 1960) . The threads were left in situ, the tracts cleared to determine whether opacity was present, and also examined histologically (PL 2, Fig. 13 ). Hand sections of hamster 6J-day conceptual areas were taken back to water from the benzyl benzoate and stained with iodine to check for the presence of glycogen. OBSERVATIONS With direct transmitted light, the cleared specimen is yellowish in colour. Viewed by oblique light the tissue is slightly bluish ; the most prominent feature common to all uteri is a white, refractile line, the muscularis, which delineates the external contour of the endometrium. The epimetrium clears so completely that it is almost invisible, and to the casual observer the distinct line of the muscularis may easily be confused with the less obvious external contour. With slight magnification (5 ) the uterine lumen, and many details of the ovarian, cervical and uterine morphology are clearly discernible.
In the lateral view, the uterine lumen of the non-pregnant hamster appears as a series of slits running across the endometrium. The first indication of implantation is the appearance of regions where this consecutive arrangement of slits is interrupted, areas where the lumen is narrowed and displaced slightly mesometrially, to appear as a channel running lengthwise in the uterus. With great care and with oblique light, one may observe at the centre of such a region an opaque dot which lies at the antimesometrial surface of the lumen (PL 1, Figs. 1 and 2). These early stages of implantation are found by 4 days and 5 to 8 hr developmental age, i.e. at 6 to 9 a.m. of the fifth morning subsequent to an evening mating. This stage is so delicate that it is best observed in a primiparous female; scars and residual haemosiderin from previous pregnancies may obscure it completely. Sectioned material shows blastocysts in contact with the epithelium. 290 Margaret Ward Orsini By 4 days and 8J hr, the opacities are visible as discrete dots to the naked eye when the tract is viewed by oblique light (PL 1,  Fig. 3 ). Sections of the opaque area nearest the vaginal end in this tract now show a blastocyst pene¬ trating the epithelium (PL 1, Fig. 4 ). Within the same uterine horn, the size and density of the individual opacities may vary.
By 4 days and 12 hr the opaque areas have assumed a definite shield-like contour (PL 1, Figs. 5 and 6). From a slightly concave surface at the antimesometrial side of the uterine lumen, the sides taper down to a point in the antimesometrial endometrium. With continued development, the shield appears more obviously hollow. A specimen removed at 4 days and 19 hr and sectioned (PL 1, Fig. 7 and PL 2, Fig. 8 ) shows that the blastocyst has now penetrated through the endometrial epithelium; it has differentiated into Träger and inner cell mass with endoderm. The differentiation of decidua has extended further than in the earlier stage, to occupy approximately the inner half of the antimesometrial and lateral endometrium.
By 5 days and 12 hr, a slight amount of true external gross swelling appears. Now the opacity marking the conceptual region is much larger (PL 2, Fig. 9) and with careful observation a slight slit is seen to extend from its concave surface into the opaque area.
By 6 days and 12 hr, the individual opacities occupy almost all the anti¬ mesometrial endometrium and extend up into the mesometrial portion. Viewed from the mesometrial side, a clear cavity is visible at the centre; in lateral view, the opacity varies in intensity, being most intense at the anti¬ mesometrial and lateral sides of the cavity. This pattern closely parallels the development of the decidua at this time, and especially of the glycogen dis¬ tribution within the decidua. (It is at this time that the antimesometrial decidua attains its peak development.) By 7 days and 12 hr, a clear zone appears at the antimesometrial pole of the enlarging conceptual swelling. This is the period of the beginning of rapid enlargement of the decidual cavity. By 8 days and 12 hr, the conceptual swelling is much enlarged, and the antimesometrial third of the conceptual swelling is clear. Now the embryo is distinctly visible within the greatly enlarged decidual cavity. The further history of the opaque area seems closely correlated with that of the decidua ; both regress antimesometrially but extend mesometrially.
Since the recognition of early implantation sites is of importance for research in many fields, attempts were made to see if comparable phenomena could be observed in other species. Both rats and mice show opacities marking the early gestational stages, but the opacity is less obvious in these forms than in the hamster and is well developed only when swellings are visible externally, i.e. 6 days and 6 hr in the rat and 4 days and 8 hr in the mouse. Subsequent developments in the rat and mouse parallel that in the hamster.
However, by study of changes of the uterine lumen, as described for the hamster, implantation sites were localized in rat uteri removed at 5 days and 9 hr, and 5 days and 12 hr, approximately 18 to 27 hr prior to any gross swelling. The blastocyst found in such an area (PL 2, Fig. 10 ) may have been in contact with the epithelium, but no penetration had begun nor is there any indication of any necrosis of the epithelium in this region. Note however, that Study of implantation in cleared uteri 291 decidual reaction is apparent ; this decidual reaction appears as a slight cloudy region in the gross specimen.
According to Slenka (1884), Scott (1937) and personal observations, gross swellings first mark the gestational areas in the guinea-pig by 9J days. Opacities mark gestational sites by 7 days and 12 hr (PL 2, Fig. 11 ) and at 8 days and 12 hr. No opacity or luminal changes could be detected indicative of pregnancy at 6 days and 12 hr; more animals must be studied at closely timed intervals during this crucial 24-hr interval to determine when the first indication of pregnancy appears. Blandau (1949) stresses the wide variations existing within individual guinea-pigs in the early stages of development, and the necessity of large series to reveal the average of development.
Rabbit blastocysts were visible in all the eight cleared rabbit tracts. By 4 days and 6 hr, minute slightly refractile bodies were visible (with direct transmitted light) clumped at the ovarian end of the uterus ; by 5 days, definitely larger bodies were found scattered through the upper four-fifths of the uterus. (Since neither tract has been sectioned, it is impossible to say whether these are morulae or blastocysts.) By 5 days and 22 hr (PL 2, Fig. 12 ), clear dilatations of the uterine lumen are visible, and the blastocysts appear as crumpled cellophane within these clear areas. The first gestational swelling was found in the tract removed at 6 days and 22 hr after insemination. Opacity appeared at the mesometrial side in the two oldest tracts, 7 days and 22 hr and 8 days and 2 hr. The first decidua is known to develop in the rabbit at the mesometrial side after gestational swelling (Mossman, 1937) .
The gross swellings in the uterine-traumatized rats and hamsters were opaque after clearing, and small isolated deciduomas could be seen which were not visible to the naked eye. Sections of this material confirmed the presence of decidua, and when stained with the pas technique, the presence of mucopolysaccharide.
The opaque portions of the 6|-day hamster conceptus were superficially identical with the portion staining with iodine, supporting the association of opacity with glycogen.
DISCUSSION
The correlation between site of opacity and site of decidua in the normal course of early embryology and for the experimentally induced deciduoma has been presented above. As regards the cause of the opacity, this may be the increased density of cell population, the intercellular substance, glycogen or phospholipids.
It is impossible to answer this with certainty at the present time, but the developing heart in the hamster, rat, mouse and guinea-pig is conspicuously opaque, and remains so in subsequent gestation, suggesting that glycogen is a factor. Moreover, sections stained with pas show that PAS-positive material parallels the developmental pattern of the opacity in the hamster. It is difficult to believe that glycogen could be retained throughout the long period of dehydration and bleaching (which in some instances was up to 4 weeks) but the evidence of the hand sections suggests that some is retained. Moreover, minute sites completely overlooked at autopsy lying between normal conceptual 292 Margaret Ward Orsini swellings at 6| days were sharply brought out by the clearing process. Histologically, these were deciduoma and are believed to be areas where nidation began but was not maintained. The same technique also shows advanced résorption sites, the relation of one litter to scars of previous litters and abnor¬ malities of the placenta or foetus.
The variation between degree of opacity as mentioned between hamster, rat and mouse does suggest species differences.
Study of implantation in cleared uteri EXPLANATION OF PLATES All photographs are oriented with the mesometrium towards the top of the page. Except for Figs. 4, 8 and 10, all are cleared specimens of pregnant uteri, photographed with oblique, transmitted light. PLATE 1 Fig. 1 . Hamster uterus at 4 days and 6·5 hr development age. Note change in lumen and tiny opacity (arrow) marking site where blastocyst is in contact with the uterine epithelium, 9. Fig. 2 . Hamster uterus at 4 days and 7-5 hr. The opaque dot (arrow) is slightly larger. X4-5. Fig. 3 . Hamster uterus at 4 days and 8-5 hr developmental age. Opacities are now visible to the naked eye when viewed by oblique transmitted light. Note the variations in size, 1 -9. Fig. 4 . Section showing blastocyst found in opacity nearest vagina from tract shown in Fig. 3 . Decidual reaction is already evident. X 75 Fig. 5 . Hamster uterus at 4 days and 12 hr. The individual opacities are now shieldshaped. X 1-9. Fig. 6 . Enlargement of individual opacity from tract shown in Fig. 5 . Note shield-like appearance; the uterine lumen indents the superior surface of the opacity, 9. Fig. 7 . Hamster tract at 4 days and 19 hr developmental age. 1-9.
PLATE 2
Fig. 8. Sectioned material obtained from tract shown in Fig. 7 . Note that the blastocyst has now penetrated beneath the uterine epithelium and that the Träger is well developed.
xl50. Fig. 9 . Shield-like opacity in hamster uterus at 5 days and 12 hr development age. By now, conceptual swellings are visible. 9. Fig. 10 . This blastocyst was found in a rat uterus at 5 days and 6 hr in the region showing a slight indentation of the antimesometrial margin of the uterine lumen. A slight decidual reaction is present. Although the blastocyst may have established contact (as the dark cells at the surface of the epithelium indicate), there is no penetration of the uterine epithelium. 150. Fig. 11 . Opacity marking gestational site in guinea-pig uterus at 7 days and 12 hr. X 4-5. Fig. 12 . Rabbit tract at 5 days and 22 hr after insemination. No swelling or opacity marks the sites of the blastocysts, but they may be seen as clearer areas (arrows). X 0-75. Fig. 13 . Superior portion of uterus showing deciduoma produced by uterine trauma plus prolactin in the pseudopregnant hamster. The two threads mark the primary points of traumatization. Note the tiny mass at the right; this and the quintuple nature of the decidual mass are well shown by this technique but would ordinarily be difficult to see. The optical section is taken at the surface of the decidual mass, thus obscuring the details of uterine cavity. x2.
